Determination of the composition of natural nephelines
by an X-ray method.
I
N the course of the investigation of the nepheline-kalsilite system by Tuttle and Smith an X-ray method for determining the KA1SiO 4 content of synthetic nephelines of composition (Na,K)A1SiO 4 has been developed. This method is rapid and sensitive to about 1% in composition ; details will be given in a later publication.
Natural nephelines usually do not have the ideal composition (K,Na)A1SiO4, for they often contain excess silica and certain substituted atoms like Ca and Fe. We have, however, used this X-ray method on natural nephelines to see whether it is also applicable to them. If the method proved satisfactory, information on the chemical composition of natural nephelines could be rapidly obtained.
METHOD AND ACCURACY OF MEASUREMENT.
The nepheline is mixed with pure silicon powder and ground until homogeneous. A small amount is then smeared on a glass slide with a weak solution of Duco cement in acetone. The resultant smear should be thin so that the X-ray reflections are sharp (if the smear is not quite opaque it is of the right thickness). The slide is mounted on a Geigercounter focusing spectrometer and a record is made from 20cu --30 ~ to 20cu --26-5 ~ on the scale of one inch per degree of 20. The (20"2) and (21-0) nepheline peaks occur near 29.5 ~ and 27"0 ~ respectively, with the Si line at 28.465 ~ The positions of the nepheline lines may be corrected by measuring the position of the Si line, for the geometrical errors of the spectrometer are equal for adjacent reflections.
It is mechanically possible to measure the position of each reflection to an accuracy of 0"01 ~ in 28. There is, however, one difficulty in measuring the lines, for at these angles the a 1 and a s components are only partially resolved, giving a slightly asymmetric peak. If all the peaks have the same sharpness and are measured in the same way, no additional error occurs. However, if the peaks have different sharpness (perhaps through zoning of the nephelines) it is possible to get an error unless the centre of gravity of the peak is measured each time. It is advisable, therefore, to measure the centre of gravity or to measure the centre of the peak at a height of one-half. The top of the peak should not be measured. It is probable that this error will not exceed 0.005 ~ in 2t?, if the correct procedure is used.
We have taken four or six records (four by Smith and six by Sahama)
for each sample in order to improve the accuracy. Between each record we have moved the slide a little. The mean of the four or six measurements of each reflection should be accurate to about 0"005 ~ in 28. The calibration error of the silicon peak is 0"005 ~ and must be added to the error of the nepheline peak, giving a combined random error of about 0"007 ~ (~/2 • 0"005) in the absolute position 28 of a nepheline reflection. Independent measurements were made by us on 13 of the samples ( The measurements by Smith of the synthetic nephelines are listed in table II displaced from the curves for the synthetic crystals in the direction of higher K content.
These deviations may be explained by the following possibilities: (a) Errors in the composition of the synthetic nephelines. Before growth of the nephelines, the weighed constituents were fused to a glass, during which process some alkali may have been lost. This loss is probably small and, as will be shown later, examination of the natural nephelines suggests that the lattice parameters are almost independent of loss of alkali. (b) The structure of synthetic nephelines may differ slightly from that of natural nepheline, thus giving different lattice parameters. This difference might arise from order-disorder between the ions in tetrahedral positions, such as is proposed for the high-and low-felspar series.
(c) The nepheline might contain some kalsilite as an impurity, which would be difficult to detect optically. However, 1 ~o of kalsilite can be detected in X-ray patterns, because it has a strong reflection at 2Ocu ~ 28"7 ~ I~o kalsilite was detected in the nepheline samples, showing that the error in the chemical composition is not more than 1 ~o-(d) Errors in the chemical analysis of the natural nephelines. These may be estimated from the paper by Fairbairn and Schairer (1952) which described tests on the chemical analyses of a glass of known composition.
(e) The deviation of the chemical formula of the natural nephelines from (K,Na)A1Si04. The compositions of the natural nephelines studied here deviate considerably from the ideal formula and allow consideration of the effect of these deviations on the X-ray reflection angles. All of the natural nephelines contain small amounts of Ca, Mg, Fe, Mn, and Ti which replace the dominant cations. In addition, all but one of the chemical analyses show a deficiency in the sum of the alkali ions in comparison with the number of ions in tetrahedral positions, and all but two of the analyses show an excess of silica. In view of these complex factors the problem of interpreting the data must be simplified.
The chemical analyses were converted from weight % of oxide to number of atoms (H20+ was neglected because of the uncertainty of its determination and of its role). It is well l~nown that Na and Ca have very similar ionic sizes, so they were added together. The K ion is much larger, and this, of course, is the chief reason for the variation of X-ray spacing in the nephelines. The Fe", Fe', Mn, Mg, and Ti ions were added to the A1 ions because they have approximately the same size and the amounts of Fe, &c., were small anyway.
The sites for tetrahedra in the structure should be fully occupied, for the tetrahedrally bonded ions are tightly bound to the oxygen atoms, and a vacancy would lead to a large structural imperfection. A vacancy in an alkali site, however, would give a smaller imperfection since the alkali ions are less strongly bonded. The total number of sites for alkali ions may be obtained by dividing Si § (A1, &c.) by 2. In the ideal nepheline formulae, Si ~ A1 ; however, in the 23 analyses considered here, the excess of Si [taken as Si--(A1, &c.)~(A1, &c.)] varied from --0"3 to ~-16.9 ~o with an average excess of 4.9 ~o. A test of the accuracy of chemical analyses by 14 analysts (Fairbairn and Schairer, 1952) 1 showed that there was a tendency to underestimate SiO 2 by ~ 0-5 % and to correspondingly overestimate A120 a. This suggests that the excess Si found in these 23 analyses should be an underestimate and not an overestimate, but the total of Si § should be correct. It should be noted that all the tetrahedral sites can be filled even when Si is in excess, for Si ions can occupy A1 positions. Comparison of the number of alkali ions with the number of sites shows that there is a deficiency varying from --1.1 to -~12"0 ~o with an average deficiency of 6"0 %.
This deficiency cannot be explained by analytical error, for the data of Fairbairn and Schairer (1952) showed no appreciable systematic bias in the determination of total alkali and total (Si-~Al). Bannister 2 also found that natural nephelines usually have excess Si and a deficiency of alkali.
From the data of Fairbairn and Schairer 1 it is possible to estimate the analytical precision of the ratio K/(K § This ratio was calculated for the 14 sets of K20 and Iqa20. The root-mean-square error is 1"75 % ; however, if one analysis is omitted the error is reduced to 0"75 ~o. The mean analytical value is 53"7 ~o compared with the value 54.3 ~o calculated from the weights of the pure constituents used in the test material. It is likely, therefore, that the chemical analyses given in this paper will give values of K/(K § which have random errors of I to 2 ~ and a systematic bias of ~ 0.5 %.
The effects of alkali deficiency and of excess Si were studied by found that the values of A were, on the average, independent of the deficiency of alkali. This was rather surprising for it was expected that a vacant site would act as though it were occupied by a small ion like Na and thus reduce the value of K/(K+Na-+Ca). Fig. 2 shows the relation between A and excess Si. The values of A for the (21.0) and (20-2) reflections are given in table III. It will be seen that the correlation between A (21-0) and h (20"2) is high ; however, A (21"0) on the average is 0;004 ~ greater than A (20"2). Examination of fig. 2 shows that there are large random deviations which are considerably larger than the experimental error in the 20 measurements, and it is thus difficult to determine whether A is a function of excess Si. There is a suggestion that both A (21"0) and A (20"2) increase by about 0"01 ~ in 20 for a 10 % increase in the excess Si, but a statistical analysis shows that there is a 5 % probability that it is caused merely by random fluctuations. The values of A for those nephelines which have only small amounts of excess Si have an average value close to zero and there is, therefore, no reason to suppose that natural nephelines which contain no excess Si have different lattice parameters from the pure synthetic nephelines. An increase in A corresponds to a decrease in the lattice parameters of the natural nephelines. As the ionic radius of Si is less than that of A1, A would be expected to increase with increasing excess Si, as suggested by the present data.
The natural nephelines fit quite well with the synthetic nephelines and there is no evidence for any appreciable systematic bias (other than the possible effect of excess silica). The random error of measurement of K/(K §247 is about 1% for both the X-ray and chemical analysis methods. The largest observed deviation between the values of K/(K+ Na~-Ca) for the two methods is 3"7 %. The curves for the synthetic crystals can therefore be used for the determination of K/(K § Na + ca) by the X-ray method. If the natural nepheline contains 10 % or more excess silica it is possible that the measured values of 20 will be about 0-01 ~ too high and the X-ray value for K/(K §247 will correspondingly be i to 2 % too high.
The following linear equations, calculated by least-square methods, represent the data for the synthetic nephelines: It is recoHmmended that these equations be used for the X-ray deterruination of the K/(K § Na~-Ca) ratio for natural nephelines.
